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1. 

MODULAR MANIFOLD WITH QUICK 
DISCONNECT VALVE FITTINGS 

BACKGROUND 

1. Field of the Invention 
This invention relates to fluid control devices and in par 

ticular this invention relates to a modular manifold and valve 
assembly. 

2. Description of the Related Art 
Manifolds are often used to direct fluid from a supply 

Source to several outlets. Each installation may include a 
variety of valve inlets and outlets customized for the specific 
application. Customization of manifold and valve systems 
can be costly and require extensive time and specialized 
equipment specific to the valve system. Additionally, modi 
fying an existing system Such as to increase or decrease valve 
capacity and/or to change fluid flow paths may require acquir 
ing an entirely new manifold or performing extensive modi 
fications that are impractical in the field of service. 

Additionally, Valves generally are screwed directly on to 
the manifold, thus requiring the manifold to be large enough 
to accommodate the rotation of the valve body. In applica 
tions where space is limited, the manifold may not be able to 
accommodate the rotation of the valve body. In Such circum 
stances, it can be very difficult and cumbersome to repair or 
replace valves, and in some instances the entire or most of the 
manifold will need to be disassembled in order to replace a 
single valve. 

SUMMARY 

Accordingly there is a need in the art for a manifold that can 
accommodate multiple valves spaced closely together, can be 
modified in the field to change capacity and/or flow paths, 
allows repair or removal of a single valve from the manifold 
without removal of other valves, and/or can accommodate 
valves of different sizes, shapes and configurations without 
requiring permanent physical changes to the manifold. 

In accordance with one embodiment, the present invention 
provides a manifold, comprising a manifold body comprising 
first and second modules. Each module comprises opposing 
top and bottom faces, a side face, and at least one end face, and 
defines a module chamber therewithin. The first and second 
modules are joined end to end and cooperate to form a first 
manifold body side face that extends the length of the 
adjoined modules and to define a manifold chamber. A plu 
rality of ports are formed through the manifold body side face 
and communicate with the manifold chamber A plurality of 
adapters are provided, each adapter having a manifold 
engagement portion and an attachment engagement portion. 
The manifold engagement portion is configured to sealingly 
and releasably engage one of the ports. A first elongate clad 
ding is releasably attached to the first manifold body side 
face. The cladding spans at least one port of each of the 
adjoined first and second modules. The cladding also has an 
aperture positioned to correspond with a respective one of the 
ports and sized to accommodate the manifold engagement 
portion of an adapter extending therethrough. 

In some embodiments, the first elongate cladding spans the 
entire length of the first module side face and at least one port 
of the adjoined second module. One such embodiment addi 
tionally comprises a second elongate cladding attached to the 
second module side face and generally abutting the first elon 
gate cladding. In another such embodiment the first elongate 
cladding spans the entire length of the manifold body side 
face. 
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2 
Additional embodiments comprise a releasable locking 

mechanism configured to prevent the adapter from disengag 
ing from the associated port. The locking mechanism is asso 
ciated with only a single port and is configured so that opera 
tion of the locking mechanism does not affect engagement of 
an adapter in any other port or interconnection of the adjoined 
modules. 

In another embodiment the manifold body and attached 
cladding cooperate to define a pocket therebetween at or 
adjacent each port. Each adapter has a lock Surface and each 
adapter is sized so that there is a space between the lock 
Surface and the cladding when the adapter is engaged in the 
port. A locking member is releasably disposed in the pocket 
so as to be interposed between the cladding and the lock 
Surface. 

In Some such embodiments a plurality of pockets are 
defined by the cooperating manifold body and cladding at or 
adjacent each port, and the locking member is simultaneously 
releasably disposed in a plurality of the pockets. In other such 
embodiments the cladding is attached to the first manifold 
body side at a plurality of locations about the circumference 
of each port. In further embodiments the locking member is 
deformable to fit through the cladding aperture, but expands 
upon release to a diameter or length greater than a diameter of 
the cladding aperture. 

In yet another such embodiment, the locking member and 
pocket are configured so that the locking member does not 
cross a top or a bottom surface of the manifold body when 
disposed in the pocket. In one such embodiment the locking 
member and pocket are configured so that the locking mem 
ber can be installed into the pocket or removed from the 
pocket without crossing the top or bottom surfaces of the 
manifold body. 

In further embodiments, the first and second modules 
cooperate to define a second manifold body side face that 
extends the length of the adjoined modules and is generally 
opposite the first manifold body side face. A second elongate 
cladding is releasably attached to the second manifold body 
side face. 

In a yet further embodiment the cladding is formed of a 
material having a modulus of elasticity greater than a modu 
lus of elasticity of the material used to form the manifold 
modules. In some Such embodiments the material used to 
form the manifold modules comprises a polymer, and the 
material used to form the cladding comprises a metal. 

In still another embodiment the first module has a first 
length and the second module has a second length, and the 
first length is different than the second length. 

In a still further embodiment the first module has a first 
number of ports and the second module has a second number 
of ports, and the first number is different than the second 
number. 

In a yet further embodiment the first module has a plurality 
of first module ports formed through its side face, and an 
intra-module centerline distance is defined between adjacent 
first module ports, and the second module has a second mod 
ule port adjacent the end face, wherein an inter-module cen 
terline distance is defined between one of the first module 
ports and an adjacent second module port when the modules 
are joined end to end, and the intra-module centerline dis 
tance is substantially the same as the inter-module centerline 
distance. 

In accordance with another embodiment, the present 
invention provides a kit for constructing a manifold. The kit 
comprises a first and a second elongate manifold module, 
each module comprising a side face and at least one end face 
and defining a chamber therewithin. Each of the first and 
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second modules comprises a side port formed through the 
side face and an end port formed through the end face. The 
side and end ports communicate with the associated chamber. 
The first and second modules are configured to be releasably 
joined end to end at their end faces. The first and second 
modules are configured so that their side faces generally align 
to define a manifold body side face when the modules are 
joined end to end. A coupler is configured to be interposed 
between the adjoined first and second module end faces, the 
coupler configured to simultaneously sealingly engage both 
end ports. A plurality of adapters are provided. Each adapter 
has a manifold engagement portion and an attachment 
engagement portion. The manifold engagement portion of 
each adapter is configured to sealingly and releasably engage 
the side ports of the first and second modules. An elongate 
cladding is configured to engage the manifold body side face 
and has apertures corresponding to the ports. The apertures 
are sized and configured to accommodate the manifold 
engagement portion of an adapter extending therethrough. 
The elongate cladding has a length Sufficient to span at least 
one port of the first module and at least one port of the second 
module. 

In one kit embodiment each of the side ports is configured 
to mate with each adapter's manifold engagement portion. In 
one such embodiment each of the adapters have a Substan 
tially similar engagement portion, and at least two of the 
adapters have differently-configured attachment engagement 
portions. 

Another kit embodiment comprises a plurality of couplers. 
A first one of the couplers is configured to enable fluid flow 
therethrough so as to combine adjacent module chambers into 
a common fluid chamber, and a second one of the couplers is 
configured to prevent fluid flow therethrough so that adjacent 
module chambers do not fluidly communicate. 

Yet another kit embodiment additionally comprises a third 
elongate module comprising a side face, an end face, a cham 
ber defined therewithin, a side port formed through the side 
face, and an end port formed through the end face. The third 
module is configured to be joined end-to-end with the second 
module so that the first, second and third module side faces 
generally align. The elongate cladding has a length sufficient 
to span at least one side port of the first module, the entire 
length of the second module, and at least one side port of the 
third module. 

In accordance with yet another embodiment, the present 
invention provides a fluid flow system, comprising a mani 
fold, a plurality of adapters and a locking system. The mani 
fold defines a chamber therewithin. First and second ports are 
formed through a side of the manifold and are positioned 
generally adjacent one another. The ports each have an 
engagement Surface comprising a wall having a non-circular 
port geometric shape as viewed along an axis of the port. Each 
adapter has a port engagement region, an attachment engage 
ment region, and an elongate passage extending from the port 
engagement region to the attachment engagement region. 
Each port engagement region has a non-circular adapter geo 
metric shape as viewed along an axis of the adapter. The 
adapter geometric shape is sized generally complementary to 
the port engagement shape so that the adapter engagement 
region can be advanced over the adapter axis into the port 
engagement Surface when the port and adapter geometric 
shapes are aligned. When the adapter engagement region is 
engaged with the port engagement Surface, the port and 
adapter geometric shapes are engaged so as to prevent sig 
nificant rotation relative to one another. The locking system is 
configured to releasably lock the adapter port engagement 
region in engagement with the port. 
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4 
In some flow system embodiments the port geometric 

shape is generally symmetrical about a plane through the port 
axis. In further embodiments the port and adapter geometric 
shapes are configured so that when the adapter axis is gener 
ally aligned with the port axis the port and adapter geometric 
shapes can be perfectly aligned by rotating the adapter no 
more than 90° in any rotational direction about the aligned 
aXCS. 

In additional embodiments the port and adapter geometric 
shapes are configured so that when the adapter axis is gener 
ally aligned with the port axis the port and adapter geometric 
shapes can be perfectly aligned by rotating the adapter no 
more than 75° in any rotational direction about the aligned 
aXCS. 

In yet further embodiments the port and adapter geometric 
shapes are configured so that when the adapter axis is gener 
ally aligned with the port axis the port and adapter geometric 
shapes can be perfectly aligned by rotating the adapter no 
more than 60° in any rotational direction about the aligned 
axes. In some such embodiments the port geometric shape is 
generally hexagonal. 

In another embodiment the locking system is configured so 
that the adapter can be releasably locked into and unlocked 
from the port independently of another adapter in an adjacent 
port. 

In yet another embodiment the port engagement regions of 
each of the plurality of adapters is substantially the same so 
that each of the plurality of adapters fits into each of the ports, 
and wherein at least one of the adapters has an attachment 
engagement region that is configured differently than the 
attachment engagement regions of others of the adapters. 

In accordance with still another embodiment, the present 
invention provides a method of attaching a fluid management 
device to a manifold. In the method, a manifold is provided 
having a port with an engagement Surface comprising a non 
circular port geometric shape as viewed along an axis of the 
port. An adapterisprovided having a port engagement region, 
an attachment engagement region and an elongate passage 
from the port engagement region to the attachment engage 
ment region. The adapter port engagement region has a non 
circular adapter geometric shape as viewed along an axis of 
the adapter. The port geometric shape and adapter geometric 
shape are generally complementary to one another. The 
method includes threadingly attaching the attachment region 
of the adapter to a threaded connector of a fluid management 
device and rotating the adapter and apparatus relative one 
another until the adapter and device are sealingly attached, 
additionally rotating the fluid management device relative to 
the adapter in a tightening direction and rotating the adapter 
about its axis until the adapter geometric shape is aligned with 
the port geometric shape and the fluid management device is 
in a desired orientation relative to the manifold, and advanc 
ing the attached adapter and fluid management device over 
the port axis Sufficient to engage the adapter port engagement 
region with the port so that the port engagement shape is 
engaged with the adapter engagement shape. 

In some embodiments the step of additionally rotating the 
fluid management device relative the adapter in a tightening 
direction after the adapter and device are already sealingly 
attached comprises rotating no more than about 90° from any 
rotational position on the adapter attachment region. 

In additional embodiments the fluid management device is 
a valve. 

In other embodiments the step of additionally rotating the 
fluid management device relative the adapter in a tightening 
direction after the adapter and device are already sealingly 



US 8,327,879 B2 
5 

attached comprises rotating no more than about 75° from any 
rotational position on the adapter attachment region. 

In still other embodiments the step of additionally rotating 
the fluid management device relative the adapter in a tighten 
ing direction after the adapter and device are already sealingly 
attached comprises rotating no more than about 60° from any 
rotational position on the adapter attachment region. In some 
Such embodiments the port engagement shape is generally 
hexagonal. 

In accordance with a still further embodiment, the present 
invention provides a fluid flow system. The fluid flow system 
comprises at least one valve, at least one valve adapter, and at 
least one locking member. The valve adapter has a valve 
engagement region and a manifold engagement region. The 
valve engagement region is coupled to the valve. The system 
additionally comprises a manifold body comprising a cavity, 
at least one module comprising at least one port, and at least 
one pocket corresponding to the at least one port. The module 
port has a port wall configured to engage the manifold 
engagement region of the valve adapter. The port is config 
ured to be in fluid communication with the cavity. When the 
valve adapter is releasably coupled to the manifold body the 
port wall engages the manifold engagement region Such that 
the valve adapter is constrained from rotational movement. 
The at least one locking member engages the at least one 
pocket and spans across at least part of the valve adapter Such 
that the valve adapter is restricted from being decoupled from 
the manifold body without first disengaging the locking 
member. The valve is in fluid communication with the cavity 
through the adapter. 

Another embodiment further comprises at least one plate 
coupled to the manifold body, wherein the at least one pocket 
is defined between the plate and the manifold body. 

In another embodiment one of the at least one ports is an 
inlet port configured to be in fluid communication with the 
cavity. Another embodiment further comprises a fluid source 
that is coupled to the inlet port and is in fluid communication 
with the cavity. 

In yet another embodiment the manifold engagement 
region has a generally hexagonally shaped region. The port 
wall has a Substantially hexagonally shaped region, and the 
respective hexagonally shaped regions register with one 
another when the valve adapter is releasably coupled to the 
manifold body. 

Still another embodiment further comprises a control sys 
tem configured to control the operation of the at least one 
valve. 

In accordance with still another embodiment, the present 
invention provides a fluid management system. A manifold 
body of the system comprises a top Surface, a bottom surface, 
and a side surface. The manifold body defines a chamber. A 
plurality of ports are formed through the side surface and 
communicating with the chamber. An adapter of the system 
has a manifold engagement region comprising a sealing por 
tion configured to sealingly engage one of the ports of the 
manifold body. The adapter has an axis that is generally 
aligned with an axis of the port when the adapter is engaged 
with the port. The adapter has a lock Surface disposed proxi 
mal of the sealing portion and facing generally proximally. 
Each port of the manifold body comprises an outer wall 
having an outer wall aperture, and the adapter and port are 
configured so that when the sealing portion sealingly engages 
a port, the adapter lock Surface is disposed distal of the port 
outer wall. A pocket is defined on a side of the manifold body 
outer wall opposite the manifold body side face. A locking 
member is configured to removably fit into the pocket and to 
extend at least partially across the port so as to be interposed 
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6 
between the adapter lock surface and a plane of the manifold 
body outer wall. The locking member is compressible 
between a first configuration and a second configuration. 
When in the first configuration the locking member can be 
advanced through the outer wall aperture. When in the second 
configuration the locking member is at least partially relaxed 
and will not fit through the outer wall aperture. 

In another embodiment, when fit into the pocket, the lock 
ing member is interposed between the adapter lock Surface 
and the plane of the manifold body outer wall on opposing 
sides of the adapter axis. 

In yet another embodiment the pocket is defined by an 
engagement aperture formed in the body adjacent the outer 
wall, and at least a portion of the engagement aperture has a 
diameter greater than a diameter of the outer wall aperture. In 
one such embodiment the engagement aperture has a gener 
ally circular circumference. 

In a further embodiment the locking member has a gener 
ally incomplete ring-shape and comprises spaced apart tabs. 
A diameter of the locking member is reduced when the tabs 
are urged toward one another. 

In a yet further embodiment the locking member has a 
generally incomplete ring-shape and comprises spaced apart 
tabs. A diameter of the locking member is reduced when the 
tabs are urged toward one another, and a distance between the 
tabs is greater when the locking member is in the second 
configuration that when the locking member is in the first 
configuration. 

In still another embodiment, no part of the locking member 
extends past the manifold body top surface or bottom surface 
when fit into the pocket. In some such embodiments the 
manifold body and locking member are configured so that the 
locking member can be fit into and removed from the pocket 
without crossing the manifold body top surface or bottom 
surface. In other such embodiments the manifold body com 
prises a space configured to accept the locking member tabs 
therewithin. 

In yet another embodiment the manifold body outer wall is 
detachably connected to the rest of the manifold body. In 
Some such embodiments the outer wall comprises an elongate 
cladding. In other such embodiments the pocket is defined 
between the outer wall and the manifold body. In further such 
embodiments the manifold comprises a plurality of modules 
joined together, and the elongate cladding spans between and 
connects adjacent modules. The locking member interacts 
with only a single one of the ports. 

In accordance with still another embodiment, a fluid man 
agement system is provided. A manifold body of the system 
comprises a top surface, a bottom Surface, and a side Surface. 
The manifold body defines a chamber, a plurality of ports 
formed through the side Surface and communicating with the 
chamber. An adapter of the system has a manifold engage 
ment region comprising a sealing portion configured to seal 
ingly engage one of the ports of the manifold body. The 
adapter has an axis that is generally aligned with an axis of the 
port when the adapter is engaged with the port. The adapter 
has a lock Surface disposed proximal of the sealing portion 
and facing generally proximally. A locking mechanism of the 
system can be selectively changed between a locked configu 
ration and an unlocked configuration. The locking mecha 
nism is configured to affect only a single corresponding one 
of the manifold body ports. When in the locked configuration 
the locking mechanism simultaneously engages the manifold 
body and the adapter lock surface so as to block the adapter 
from moving away from the manifold body. Further, when in 
the locked configuration the locking mechanism does not 
cross the top or bottom surfaces of the manifold body. 
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In yet another embodiment the locking mechanism is con 
figured so as not to cross the top or bottom surfaces of the 
manifold body when moving between the unlocked configu 
ration and locked configuration. 

Still another embodiment additionally comprises an acces 
sory device releasably mounted on the manifold body top 
Surface. 

In accordance with a yet further embodiment, a method of 
assembling a fluid management system is provided. The 
method includes joining a first manifold module to a second 
manifold module, and connecting an elongate cladding to the 
manifold side face. The first manifold module defines a first 
cavity and has a first port formed through a first side face and 
communicating with the first cavity. The second manifold 
module defines a second cavity and has a second port formed 
through a first side face and communicating with the second 
cavity module. Joining the first and second modules com 
prises aligning the first side faces to form a manifold body 
side face. The first and second ports are adjacent one another 
on the manifold body side face. Connecting the elongate 
cladding comprises connecting the cladding to the manifold 
side face so that the elongate cladding spans the first and 
second ports and so that first and second apertures formed 
through the cladding align with the first and second ports, 
respectively. 

In still further embodiments, couplers may be installed 
between modules to sealingly interconnect adjacent module 
cavities. In some embodiments installing a coupler includes 
the step of selecting a coupler from a group of couplers having 
differing properties so as to effectively join cavity to cavity, 
sealingly block adjacent cavities, and/or treat or otherwise 
affect flow between adjacent module cavities depending on 
the structure of the coupler. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of one embodiment of a mani 
fold. 

FIG. 2 is a side view of the manifold of FIG. 1. 
FIG.3 is top view of the manifold of FIG. 1. 
FIG. 4 is an end view of the manifold of FIG. 1. 
FIG. 5 is an exploded view of the manifold of FIG. 1. 
FIG. 6 is a perspective view of one embodiment of a mani 

fold module. 
FIG. 7 is a side view of the module of FIG. 6. 
FIG. 8 is a perspective view another embodiment of a 

manifold module. 
FIG. 9 is a perspective view of yet another embodiment of 

a manifold module. 
FIG. 10 is a side view of still another embodiment of a 

manifold module. 
FIG. 11 is a perspective view of one embodiment of a 

module coupler. 
FIG. 12 is a perspective view of one embodiment of a 

manifold plate. 
FIG. 13 is a partial exploded view of a manifold as in FIG. 

1. 
FIG. 14 shows the manifold body of FIG. 13 assembled. 
FIG. 15A is a perspective view of another embodiment of 

a module coupler. 
FIG. 15B is yet another embodiment of a module coupler. 
FIG. 15C is still another embodiment of a module coupler. 
FIG. 16 is an embodiment of an end port flow blocker. 
FIG. 17 is an embodiment of a valve port flow blocker. 
FIG. 18 is a side view of an embodiment of a valve adapter. 
FIG. 19 is an end view of the valve adapter of FIG. 18. 
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8 
FIG. 20 is a perspective view of another embodiment of a 

valve adapter. 
FIG. 21 is an exploded view of an embodiment of a valve 

adapter assembly employing the valve adapter of FIG. 18. 
FIG.22 shows an assembled valve adapter assembly as in 

FIG. 21 at a point during installation onto a manifold as in 
FIG 14. 

FIG. 23 shows the apparatus of FIG. 22 with the valve 
adapter assembly installed. 

FIG. 24 illustrates fluid flow of an embodiment of a mani 
fold in first configuration. 

FIG. 25 shows a step in a process of changing the configu 
ration. 

FIG. 26 illustrates fluid flow of manifold of FIG. 24 in a 
second configuration. 

FIG. 27 illustrates fluid flow of the manifold of FIG. 24 in 
a third configuration. 

FIG. 28 shows one embodiment and configuration of a 
manifold with valves in place. 

FIG. 29 shows another embodiment and configuration of 
manifold with valves in place. 

FIG. 30 shows yet another embodiment and configuration 
of a manifold with valves in place. 

FIG.31 shows still another embodiment and configuration 
of a manifold with valves in place. 

FIG. 32 is still another embodiment of a manifold body. 
FIG.33 is a side view of the manifold body of FIG. 32. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

With initial reference to FIGS. 1-5, an embodiment of a 
manifold 100 is shown, which manifold 100 can be used in 
conjunction with valves and valve control systems for a fluid 
flow system. The illustrated manifold 100 is presented herein 
as an example to aid in describing principles and structure in 
accordance with several embodiments. It is understood that 
manifolds having a different appearance or differences in 
specific structure may still employ one or more of the prin 
ciples discussed herein. 
The illustrated manifold 100 comprises a modular mani 

fold system that allows the size of the manifold 100 to be 
adjusted and configured to meet the needs of the particular 
application. In this embodiment the manifold 100 comprises 
a manifold body assembly 90 made up of three modules 
110a-c. Preferably multiple modules 110 are connected end 
to end, and a cladding or plate 190 spans a length of the body 
90 across the modules. A more detailed discussion of the 
modules is presented below. 
The manifold 100 has a plurality of ports including end 

ports 120 and valve ports 130 that communicate with an 
interior cavity 196 that defines an interior chamber. The end 
ports 120 and valve ports 130 can function as fluid inlets and 
outlets. As will be discussed in more detail below, a single 
manifold may be configured to handle multiple fluids flowing 
through the plurality of inlets and outlets, and the manifold 
100 may be configured to isolate or mix the multiple fluid 
flows as desired. 

Each of the valve ports 130 is configured to couple with a 
valve adapter assembly 194, which preferably comprises a 
fitting or valve adapter 170, a sealing member 152 such as an 
elastomeric o-ring, and a locking member 160 Such as a Snap 
ring. The valve adapter assemblies 194 are configured to 
releasably couple with the manifold 100 at one end and a 
valve or other fluid flow device at the other end. The locking 
member 160 preferably fits between the valve adapter 170 
and the plate 190, and secures the valve adapter 170 in the 
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valve port 130. As will be discussed in embodiments 
described below, preferably, the valve adapter 170 is not free 
to rotate relative the manifold 100 when it is secured within 
the valve port 130. 

With reference next to FIGS. 6 and 7, the illustrated module 
110a has top and bottom faces 142, 128, opposing side faces 
116 and opposing end faces 114. Four valve ports 130 and two 
end ports 120 are formed through the side and end faces 116, 
114, respectively. Preferably the valve ports 130 are generally 
symmetrical about a center axis of the module body. In other 
embodiments, the spacing and/or number of ports may differ 
on opposing side faces or opposing end faces. 

In the illustrated embodiment each valve port 130 is gen 
erally defined by a first outer wall 132, a valve adapter inter 
face 146, a first recessed face 134, and a first interior wall 136. 
The first outer wall 132 extends inwardly from the face 116 
and transitions to the valve adapter interface 146, which 
extends further inwardly to the first recessed face 134. 

Preferably the valve adapter interface 146 extends circum 
ferentially and defines a non-circular shape as viewed looking 
toward the face 116. In this embodiment the valve adapter 
interface 146 is generally hexagonal, and more particularly is 
a modified hexagonal shape having rounded corners. In some 
embodiments the valve adapter interface 146 may be another 
geometric shape. Such as a square, octagon, ellipse, or another 
symmetrical or asymmetrical shape. The first interior wall 
136 extends inwardly from the first recessed face 134, and 
preferably defines a smooth, circumferential wall. 

With continued reference to FIGS. 6 and 7, the first outer 
wall 132 preferably has a generally circular shape as viewed 
looking toward the face 116 and has a diameter at least as 
great as the valve adapter interface 146. In the illustrated 
embodiment the first outer wall 132 deviates from its gener 
ally-circular shape, and upper portions 133 extend toward the 
top face 142 so that a space 135 is defined between the upper 
portions 133. A second recessed face 138 is located above the 
valve port 130 and in the space 135 between the upper por 
tions 133. Preferably, the depth of the space 135 is the thick 
ness of the first outer wall 132. The second recessed face 138 
is at a transition between the first outer wall 132 and the 
adapter interface 146. Preferably additional portions of the 
second recessed face 138 are disposed about the circumfer 
ence of the port 130. In the illustrated embodiment the por 
tions of the second face 138 are discontiguous. In other 
embodiments, the second face 138 can extend generally con 
tiguously about the circumference of the port. 
Atop recess 148 is formed through the top face 142 at each 

valve port 130 and is generally contiguous with the space 135. 
In the illustrated embodiment, the top recess 148 is also 
formed through the side face 116 adjacent each valve port 
130. 

In the illustrated embodiment, adjacent valve ports 130 
have substantially identical structure. Of course, in other 
embodiments a manifold module 110 can be configured to 
have more than one size or configuration of valve ports 130. 
The distance between adjacent valve ports 130 is defined by a 
centerline distance 122 between the ports 130. Additionally, 
in the illustrated embodiment each valve face 116 includes a 
plurality of fastener engagement holes 144 spaced around 
each valve port 130. 

With continued reference to FIGS. 6 and 7, the end port 120 
is generally defined by an end face 114, a second outer wall 
124, a third recessed face, or end port recessed face 126, and 
a second interior wall 125. The second outer wall, or end port 
outer wall 124, extends inwardly from the face 114 to the third 
recessed face 126 and preferably defines a smooth, circum 
ferential surface. The second interior wall 125 extends 
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10 
inwardly from the third recessed face 126 and preferably 
helps define an interior cavity of the module. In this embodi 
ment the end face 114 has four fastener engagement holes 144 
spaced about the end port 120. 
With additional reference to FIGS.4 and5, the top face 142 

of the module has a first plurality of elongate tracks 118a. The 
tracks 118a preferably are uniformly spaced on different ones 
of the modules so that they will be aligned when a plurality of 
modules 110 are coupled together end-to-end. The tracks 118 
are configured to engage various accessories to the manifold 
100. In the illustrated embodiment each track has a main 
cavity 117 and an opening 119, and a width of the main cavity 
117 is greater than a width of the opening 119. A second 
plurality of tracks 118b that are substantially the same as and 
mirror the first plurality of tracks 118a preferably are formed 
through the bottom face 128 of the module. Of course, some 
embodiments may employ differently-configured tracks, 
and/or a different connector configuration, at the bottom than 
at the top. 

With additional reference to FIG. 8, one embodiment of a 
module 110C has six valve ports 130. The six port module 
110c utilizes the same general configuration and attributes of 
the four port module 110a discussed in conjunction with 
FIGS. 6 and 7. FIG. 9 illustrates an embodiment of a module 
110b having two valve ports 130. The two port module 110b 
preferably utilizes the same general configuration and 
attributes of the four port module 110a discussed in conjunc 
tion with FIGS. 6 and 7. For example, modules 110a and 110b 
share the same side port configurations and the same center 
line distances between adjacent ports on the respective mod 
ules. Further, preferably when the modules 110a, 110b are 
joined end-to-end, the centerline distance between adjacent 
ports of the adjoined modules (an inter-module centerline 
distance) is the same as the centerline distance between adja 
cent ports on the respective modules (an intra-module center 
line distance). It should be understood that a plurality of 
standard-sized modules 110. Such as two-port, four-port, six 
port, eight-port, and so on, can be combined as desired to 
create a manifold body of nearly any desired size and port 
count. Addition of a selection of specialized modules having 
unique configurations and/or purposes expands the manifold 
customization possibilities even further. 

FIG.10 illustrates another embodiment of a four-port mod 
ule 210 configured to be joined with other modules 110 hav 
ing a differing configuration. The module 210 preferably 
utilizes the same valve port 130 and end port 120 structures 
discussed in conjunction with FIGS. 6 and 7. However, in the 
illustrated embodiment the module 210 has been lengthened, 
and an intra-module centerline distance 222 between valve 
ports 130 of the illustrated modules 210 is greater than an 
intra-module centerline distance 122 of modules 110. Such an 
increased centerline distance enables the manifold module 
210 to accommodate wider valves or another type of fluid 
handling apparatus without interfering with other valves 
engaged with an adjacent port. 

Notwithstanding the difference in shape and size of mod 
ules 110 and 210, the modules preferably may be coupled 
together in virtually any combination to forma manifold body 
that is configured specifically for a particular application and 
which may accommodate valves and/or other attachments of 
various sizes and shapes. In some embodiments, the inter 
module centerline distance between ports on adjacent mod 
ules 110, 210 is a multiple (such as 2x, 3x or the like) of the 
intra-module center line distance 122 of a standard-sized 
module. Similarly, the intra-module centerline distance 222 
can also be a multiple (such as 2x, 3x or the like) of the 
intra-module centerline distance 122. 
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The manifold module embodiments discussed above can 
be constructed according to various modes and procedures 
and of various materials. In the embodiments illustrated in 
FIG. 1-11, the modules 110 are injection-molded from a 
polymer. In accordance with Such construction, the modules 
may include structural features such as cavities, ribs and the 
like as desired to reduce material use and mass while main 
taining strength and durability as desired. Various polymers 
can be employed as desired. In other embodiments, the mod 
ules can be constructed in multiple steps that may or may not 
involve machining, and can employ other materials such as 
metals. 

With reference next to FIG. 11, an embodimentofa module 
coupler 150 has an inner wall 154 and an outer wall 156. The 
inner wall 154 preferably defines a smooth, circumferential 
surface. The outer wall 156 has a first annular groove 158a 
and a second annular groove 158b. Each annular groove 158 
is configured as a seat to accommodate a sealing member 152 
Such as an elastomeric o-ring seated within the groove 158. 

With additional reference again to FIGS. 5 and 6, the mod 
ule coupler 150 is configured so that it creates a seal between 
the cavities 196 of adjacent modules 110 that are joined 
end-to-end. For example, in use the coupler 150 is sand 
wiched between the first and second modules 110a, 110b. As 
such, the sealing member 152 positioned in the first annular 
groove 158a engages the end port outer wall 124 of the first 
module 110a, and the sealing member 152 positioned in the 
second annular groove 158b engages the end port outer wall 
124 of the second module 110b. The end port recessed faces 
126 preferably engage and/or guide ends of the coupler 150 so 
as to self-adjust the coupler 150 into a reliable sealing posi 
tion relative to both adjoining modules. As such, the cavities 
of coupled modules are combined to form a single sealed 
chamber. 
The module coupler 150 preferably is sized so that the end 

faces 114 of the modules 110 are substantially flush when the 
coupler 150 is engaged between the modules, as in the mani 
fold 100 of FIGS. 1-5. In some embodiments, one or more 
projections, such as pins, may extend from a module end face 
and be configured to engage and fit within a cavity formed in 
the end face of an adjacent module so as to support connection 
of the assembled modules and particularly to help distribute 
any torsional load that may be exerted on a module body 90. 

With particular reference again to FIG. 5, each illustrated 
end cap 180 has a first end cap face 185, a second end cap face 
184, an end cap adapter 182, and an end cap port 183. The end 
cap port 183 extends inwardly from the first end cap face 185 
and through the length of the end cap. In this embodiment the 
end cap port 183 is threaded. The end cap adapter 182 extends 
outwardly from the second end cap face 184. An outer wall 
186 of the end cap adapter 182 has an annular groove 187 that 
is configured to accommodate a sealing member, Such as an 
o-ring 152. In additional embodiments one or both of the end 
caps can be configured to not have a port So as to prevent any 
fluid flow therethrough. 

With additional reference again to FIGS. 6-10, the end cap 
180 preferably is configured to couple with the end port 120 
of any of the modules 110. The end cap adapter 182 extends 
into the end port 120 and the sealing member 152 positioned 
in the annular groove 187 of the end cap adapter 182 engages 
the end port outer wall 124 of the module 110 so as to form a 
seal. The end cap adapter 182 preferably is sized so that the 
second end cap face 184 fits flush with the end port face 114 
when the end cap adapter 182 is engaged in the end port 120. 
Preferably the end cap 180 is attached to the end face 114 
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12 
using bolts or the like. Further, preferably multiple attach 
ment points are spaced about the circumference of the end 
port 120. 

With reference next to FIGS. 5 and 12, the illustrated 
elongate manifold plate 190 comprises opposing faces 191, a 
plurality of fastener holes 195, and a plurality of valve adapter 
orifices 197. In this embodiment each valve adapter orifice 
197 is substantially the same. The upper portion of each 
orifice forms two tabs 199 that define a space 193 therebe 
tWeen. 

With additional reference to FIGS. 13 and 14, once a mani 
fold body 90 has been assembled by joining manifold mod 
ules 110 end-to-end, a pair of plates 190 are chosen having a 
length matching the assembled manifold body 90. A face 191 
of each plate 190 is fit onto aligned side faces 116 of the 
manifold body, and once in place the plates 190 are secured to 
the modules using a plurality of fasteners 192. 
As shown in FIGS. 1-5 and 13-14, preferably the plate 

spans across abutting end faces 14 of adjacent modules. As 
such, the plate 190 stabilizes and locks the position of the 
modules 110 relative one another and provides structural 
support for the manifold 100. Preferably the plate 190 is 
formed of a strong and durable material Such as a structural 
metal. As such, the plates 190 function as reinforcing clad 
ding for an assembled manifold body. In embodiments in 
which modules are formed of materials having a relatively 
low strength, Such as many polymers, preferably the plates 
190 are formed of a relatively rigid material having a greater 
modulus of elasticity than the material used to form the mod 
ules. 

In the illustrated embodiment the elongate plates 190 
match the length of the manifold body 90 and have six valve 
adapter orifices 197, one corresponding to each valve port 
130. Preferably the plates 190 have the same number of valve 
adapter orifices 197 as there are valveports 130 on the face of 
the manifold body 90. In some embodiments a single plate 
does not extend the full length of the manifold body, and 
instead plural plates 190 are secured to a side of the manifold 
body 90. Most preferably, however, adjacent modules are 
connected to the same plate so that the plate spans across the 
attached module ends 114. In other embodiments, multiple 
plates are secured on at least one of the sides of a manifold 
body made up of a plurality of modules. In one such embodi 
ment at least one of the plates spans the entire length of one of 
the modules plus at least one valve port of the adjacent mod 
ule. In another such embodiment at least one of the plates 
spans at least one port of two connected modules. 
With continued reference to FIGS. 12-14, each valve 

adapter orifice 197 preferably is similar in shape to the cor 
responding valve adapter interface wall 146 of the valve port 
130, with the exception of the tabs 199 formed on the upper 
portion of the orifice 197. The space 193 between the tabs 199 
is less than the space 135 between the upper portions 133 of 
the first wall 132. This creates a pocket 198 between the 
second recessed face 138 and the tabs 199. Additionally, 
plural further pockets 188 are defined between the plate 190 
and the portions of the second face 138 disposed about the 
interface 146. 

FIGS. 15A-15C illustrate additional embodiments of mod 
ule couplers. Preferably, each of the embodiments of the 
couplers 250, 350, and 450 employ substantially the same 
outer wall structure 156 employed by the coupler 150 illus 
trated in FIG. 11, and similarly fit sealingly between adjacent 
modules joined end-to-end. In the embodiment illustrated in 
FIG.15A the coupler 250 comprises a substantially solid wall 
254 so that fluids are blocked from flowing through the cou 
pler 250. In the coupler 350 illustrated in FIG. 15B a flow 
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limiting orifice 356 is defined by a thickness of an inner wall 
354. The size and/or shape of the orifice 356 affects the fluid 
flow rate through the coupler 250, and may be chosen to limit 
such fluid flow as desired. 

In the coupler 450 illustrated in FIG. 15C a fluid filter 454 
substantially fills an orifice 456. The filter 454 may be any 
type of fluid filter, including a selectively permeable mem 
brane. In some embodiments a filter similar to the filter 454 
may be used in conjunction with the flow limiting coupler 350 
illustrated in FIG. 15B. It is to be understood that other 
coupler embodiments may be provided to serve purposes as 
desired. For example, yet another embodiment of a coupler 
may include a chemical layer that leaches at a desired rate into 
fluid passing therethrough. 

FIG. 16 is an embodiment of a male flow blocker 550 Such 
as for an end cap 180. The flow blocker 550 preferably has a 
threaded outer wall 556 and a substantially solid end wall 554. 
The outer wall 556 is configured to be threaded into the end 
cap port 183 to form a seal at the end cap 180. FIG. 17 is an 
embodiment of a female flow blocker 650 such as for a valve 
adapter 170. The flow blocker 650 has an outer wall 656 and 
a closed end wall 654. Preferably, an inner surface of the outer 
wall 656 is threaded so as to engage and form a seal with a 
threaded portion of a valve adapter 170. 

With reference next to FIGS.5, 18 and 19, the valve adapter 
170 comprises a manifold engagement region 172, a valve 
engagement region 174, and an inner wall 169. The inner wall 
169 defines an internal passage 171, which extends through 
the entire length of the valve adapter 170. The adapter 170 can 
be constructed of a wide range of materials, depending on 
factors such as anticipated manifold pressures, fluid content, 
cost and/or other factors. In one embodiment the adapter is 
made of an injection-molded polymer. In another embodi 
ment the adapter is machined out of a metal. Still further 
embodiments may employ combinations of materials such as 
polymers, metals and ceramics. Additionally, adapters of 
various material makeup can be used simultaneously with a 
single manifold. 
The manifold engagement region 172 has a manifold 

engagement member 176 with opposing first and second 
faces 177, 179. In this embodiment the engagement member 
176 is generally hexagonal when viewed from an end of the 
valve adapter 170, as illustrated in FIG. 19. In some embodi 
ments the engagement member 176 may be another geomet 
ric shape. Such as a square, octagon, ellipse, or other sym 
metrical or asymmetrical shape. Preferably, however, the 
engagement member 146 is shaped complementary to the 
valve adapter interface 146 of the module valve port 130 so 
that the engagement member 176 will align with and seat 
within the interface 146, and their engaged non-circular 
shapes will interfere with and prevent rotation relative to one 
another. 
A first projection 173 extends outwardly from the first face 

177 of the engagement member 176. An annular groove 175 
is formed in the first projection 173. Preferably the annular 
groove 175 is configured to accommodate a sealing member 
152, such as an o-ring, as shown in FIG. 21. 
The valve engagement region 174 has a second projection 

181 that extends outwardly from the second face 179 of the 
engagement member 176. In the illustrated embodiment the 
second projection 181 is elongate and has an externally 
threaded portion 189, thus defining a male connection. 

FIG. 20 illustrates another embodiment of a valve adapter 
270. The valve adapter 270 comprises a valve engagement 
region 274 and a manifold engagement region 172. The mani 
fold engagement region 172 of the illustrated valve adapter 
270 shares substantially the same structure as the valve 
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14 
adapter 170 discussed in connection with FIGS. 18 and 19. 
The valve engagement region 274 has a second projection 
276 that extends outwardly from the second face 179 of an 
engagement member 176. In the illustrated embodiment the 
second projection 276 comprises an internally threaded por 
tion 289, and thus defines a female connection. 

With continued reference to FIGS. 18 and 19 and addi 
tional reference to FIG. 21, the valve adapter assembly 194, 
comprising the valve adapter 170, the sealing member 152, 
and a locking member 160, is illustrated in conjunction with 
a valve 260. The illustratedlocking member is a snap ring 160 
having a generally circumferential body 164 and two heads 
162. A space 167 is defined between the heads 162. The body 
preferably is generally planar, having a thickness in an axial 
direction and a width in a radial direction. Preferably the body 
width is substantially greater than its width. Each head has an 
upwardly extending portion 163, which on one end transi 
tions to the body 164 and on the other end transitions into atop 
portion 165. The snap ring preferably bends in the transition 
portion so that the top portion is disposed in a different plane 
than is the upward portion 163 and the body 164. Preferably 
the top portion lies in a plane oriented about 90° relative the 
body. Each top portion 165 preferably has a hole 166. The 
body portion 164 is generally circular until it transitions to the 
upward portion 163. Also, in the illustrated embodiment, the 
width of the body portion 164 decreases in the area approach 
ing the upward portions 163 so that the region of the body 
portion opposite the heads 162 has the greatest width. 
The illustrated valve 260 represents a typical fluid valve, 

which can have a wide variety of specific configurations, and 
preferably comprises a valve controller interface 262, a valve 
body 264, a valve inlet 266, and a valve outlet (not shown). In 
the illustrated embodiment the valve inlet 266 has an inter 
nally threaded region 268. The valve controller interface is 
configured to connect to an external electronic controller, 
which controls operation of the valve 260. 
The valve adapter 170 is configured to couple with the 

valve 260. In this embodiment the threaded region 189 of the 
valve adapter 170 engages the threaded portion of the valve 
inlet 268. Preferably a sealing member, such as Teflon tape, is 
applied to the threaded region 189 of the valve adapter 170 
before it is threaded into the valve threaded region 268 to help 
form a seal between the valve 260 and the valve adapter 170. 
The valve adapter 170 is then threaded into the valve 260 until 
it is sufficiently tight to form a seal. 
As discussed above, and with additional reference to FIGS. 

14 and 22, the manifold engagement member 176 of the 
adapter 170 is shaped to fit complementarily through the 
valve port orifice 197 of the plate 190 and into the valve 
adapter interface 146 of the manifold. As such, the valve 
adapter 170 preferably is properly rotated so as to be aligned 
with the interface 146 in preparation for engaging the adapter 
170 and attached valve 260 with the manifold. Preferably, 
however, the valve 260 is first or concurrently rotationally 
adjusted relative to the adapter 170 so that the valve has a 
preferred orientation (for example vertically upright) relative 
to the manifold when the valve adapter 170 engagement por 
tion 176 is properly aligned with the interface 146. To effect 
such alignment, the valve adapter 170 is further rotated rela 
tive to the valve 260 (preferably in a tightening direction) 
after initial tightening until the valve is Suitably aligned. 
The degree of rotation of the valve 260 relative to the 

adapter 170 necessary to achieve proper alignment of the 
adapter engagement portion 176 to the interface 146 concur 
rent with a desired orientation of the valve 260 is generally 
determined by the shape of the manifoldengagement member 
176. In the illustrated embodiment, due to its symmetrical 



US 8,327,879 B2 
15 

generally-hexagonal shape, proper alignment will be 
obtained by additionally rotating (tightening) the valve 260 
onto the valve adapter 170 no more than 60° from any rotation 
position. In order to maintain a proper seal, preferably any 
Such additional rotation is in a tightening direction. Prefer 
ably shapes of the manifold engagement member 176 and 
valve adapter interface 146 are chosen to limit the maximum 
additional rotation needed to achieve proper alignment to no 
more than about 90°, more preferably no more than about 75°. 
and most preferably no more than about 60°. 

With particular reference now to FIGS.5, 6, 14 and 21-23, 
to connect the valve 260/adapter 170 to the manifold 100, the 
valve adapter 170 is aligned with a desired one of the valve 
ports 130 of the manifold body 90, and advanced through the 
valve port orifice 197 and into the port 130 so that the first face 
177 engages and/or generally abuts the first recessed face 134 
and the manifold engagement member 176 is registered with 
the valve adapter interface 146. In this configuration, the first 
projection 173 extends past the first recessed face 134 so that 
the sealing member 152 on the first projection 173 engages 
the first interior wall 136 of the port 130. As such, a sealed 
passage 171 through the valve adapter 170 connects the valve 
260 to the cavity 196 of the manifold 100. Also, since the 
manifold engagement member 176 is registered with the 
valve adapter interface 146, the valve adapter 170 is pre 
vented from rotating relative to the valve port 130. 
Once the valve adapter 170 is in place in the port 130, the 

locking member 160 is next installed so as to maintain the 
valve adapter 170 in place. With specific reference now to 
FIG. 22, to place the locking member, which in this embodi 
ment is a snap ring 160, the heads 162 of the snap ring 160 are 
squeezed together, compressing the snap ring 160 sufficiently 
so that the heads 162 will fit through the space 193 between 
the tabs 199 of the plate 190. Such compression also enables 
the body 164 of the snap ring 160 to fit through the valve 
adapter orifice 197 of the plate 190. In a preferred embodi 
ment the locking member 160 can be manipulated using 
pliers or another tool that engages the heads 162. Since the 
heads 162 in the illustrated embodiment lie in a plane gener 
ally perpendicular to the locking member body 164, the lock 
ing member 160 may be viewed from above, and approached 
and manipulated on a different plane than the valve 260. In 
Some embodiments an installation tool is configured to 
approach the locking member 160 from above and to engage 
the holes 166 on top of the heads 162. In other embodiments 
the heads 162 may be sufficiently enlarged to accommodate 
manual operation with a user's fingers. 
The compressed locking member 160 is advanced through 

the space 193 and valve adapter orifice 197 until it has com 
pletely passed through the plate 190 and is engaged with 
and/or adjacent to the second face 179 of the valve adapter 
170. When the heads 162 of the locking member 160 are 
released, the Snap ring 160 will decompress and expand out 
wardly. The heads 162 will expand into the pockets 198 
between the Second recessed face 138 and the tabs 199. The 
body 164 will expand into the further pockets 188 defined 
between the discontiguous portions of the second face 138, 
the first outer wall 132 and the plate 190. As such, the locking 
member 160 is interposed between the module and the plate. 
Also, the adapter 170 is interposed between the module and 
the locking member. 

The smooth, generally circular shape of the first outer wall 
132 is especially amenable to accommodating expansion of 
the similarly-circular Snap ring body 164, and thus the Snap 
ring becomes wedged between the valve adapter 170 and the 
plate 190 continuously or at least at multiple locations (which 
can be considered support points) about the adapter's circum 
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ference, thus preventing the valve adapter 170 and associated 
valve 260 from disengaging from the valve port 130. 
The snap ring 160 being wedged between the adapter 170 

and plate 190 at multiple locations about the adapter's cir 
cumference also helps maintain the adapter in a desired ori 
entation, namely a perpendicular orientation, relative to the 
valve port 130, which may help maintain a consistent seal. 
Preferably the locking member is wedged between the 
adapter and the plate at least one Support point in each hemi 
sphere about an axis of the adapter. More preferably there is 
at least one support point in each 120° block of rotation about 
the axis, and even more preferably there is at least one Support 
point in each 90° block of rotation about the axis. Most 
preferably there is at least one support point in each 60° block 
of rotation about the axis. 

In the illustrated embodiment, the plate 190 is connected to 
the side face 116 at four locations about the circumference of 
each valve port 130. These connections to the module rein 
force the plate, particularly immediately about the circumfer 
ence of the valve adapter orifice 197, and the plate is securely 
attached at and adjacent each valve port. The multiple local 
ized connections of plate and module about the port help to 
minimize plate deflection under load, and thus maintain the 
locking member 160 and adapter 170 in a snug, still position 
relative to the manifold 100. In the illustrated embodiment 
four Such plate/module connections are disposed about each 
valve port valve port 130/adapter orifice 197, such that an 
attachment point is disposed in each 90° block of rotation 
about the valve port axis. Preferably at least one plate/mani 
fold attachment is disposed in each 180° block of rotation 
about the valve port axis, more preferably in each 120° block 
of rotation about the valve port axis, and most preferably in 
each 90° block of rotation about the valve port axis as in the 
illustrated embodiment. 
The valve adapter assembly 194 and associated valve may 

be removed from the manifold by first removing the locking 
member by pushing the heads 162 together and removing the 
locking member 160 from its position wedged between the 
valve adapter 170 and the plate. The valve adapter 170 (and 
associated valve 260) can then be easily pulled axially from 
the valve port 130 to which the valve adapter was mounted. 
This allows the valve to be connected or disconnected from 
the manifold 100 without first disconnecting the valve 260 
from the valve adapter 170, without any threading action of 
the valve 260 relative to the manifold 100, and without inter 
fering with any other valves that may be mounted on the 
manifold. 
With additional reference to FIG. 28, it is to be understood 

that the structure and methods described herein are particu 
larly amenable to providing and operating manifolds that 
flexibly accommodate valves that can be tightly packed. For 
example, in a preferred embodiment the valve ports are suf 
ficiently close to one another so that a valve connected to the 
manifold cannot be rotated significantly without contacting 
and being prevented from further rotation by the adjacent 
valve. Put another way, the centerline distance between adja 
cent ports preferably is not much greater than a width of a 
valve mounted in the port. In some embodiments the center 
line distance is no more than 20% greater than the valve 
width. More preferably the centerline distance is no more 
than about 15% or even 10% greater than the valve width. 
Most preferably the centerline distance is no more than about 
5% greater thana standard valve width. As such, valves can be 
tightly packed on the manifold, and since the adapters attach 
and detach from the manifold by moving axially into and out 
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of engagement with respective ports, such tightly packed 
valves can still be individually installed and removed from the 
manifold. 
With reference again to FIGS. 22 and 23, and additional 

reference to FIGS. 1 and 24, when the illustrated snap ring 
160 is installed, the heads 162 are seated within the top recess 
148 so that they do not protrude above the top face 142. As 
Such, the top face 142 maintains an uninterrupted face upon 
which an attachment such as a controller 200 or the like can 
slide without interference. 

For example, FIG. 24 schematically shows a controller 200 
having a bottom surface 202 from whichelongate mounts 204 
extend. The illustrated elongate mounts 204 are shaped to fit 
slidingly in the top slots 118a of a manifold 100 so that the 
controller bottom surface 202 rests upon and slides over the 
manifold top surface 142. In some embodiments the control 
ler 200 connects to a wire harness and comprises wire mounts 
208 that can receive wires that connect to the valve controller 
interfaces 262. In further embodiments the controller 200 can 
comprise a processor and/or receive wireless instructions, 
sensor data, or the like so as to control valve operation. Since 
no part of the locking members 160 extend beyond the top 
surface 142 in this embodiment, installation of the controller 
200 is not hindered by the locking members. 

In the illustrated embodiment the manifold bottom face 
128 is also preferably uninterrupted by any locking member 
or the like, and similarly can accommodate an apparatus 
slidingly attached thereto. For example, in one embodiment a 
manifold mount is configured to Support the manifold. More 
specifically, the manifold mount is configured to stand inde 
pendently or be attached to another structure, and also com 
prises a mount member configured to slidingly engage the 
bottom slots 118b and support the manifold from the bottom 
surface 128. Thus, in some embodiments a manifold as 
described herein can have a first structure attached to its top 
Surface and a second structure attached to its bottom surface. 

In yet another embodimenta Snap-ring-type locking mem 
ber can be configured with its head bent in a direction sub 
stantially opposite the configuration in the illustrated embodi 
ment. As such, although the locking member still does not 
break the plane of the top surface 142 of the manifold, a 
portion of each head extends outwardly from the side surface 
116 and past the plate 190, and is accessible so that a user can 
actuate the heads and attach or remove a valve adapter with 
out disturbing an apparatus such as a controller that may be 
attached to the top Surface. Other shapes and configurations 
of compressible rings may also be used in other embodi 
ments, and ports having somewhat different structure config 
ured to match Such ring configurations are contemplated. 

FIGS. 1-5 and 24 illustrate operation of a manifold 100 
configured in accordance with one embodiment. In this 
embodiment the manifold body 90 has a single cavity that 
extends through the body 90, which is made up of first, second 
and third modules 110a-c joined end-to-end. The cavity is 
open at end cap 180b but is closed at end cap 180a, which has 
an end cap flow blocker 550 in place. The manifold cavity 
fluidly connects the plurality of valve adapters 170 with end 
cap 180b. 

Operation of the manifold in this embodiment is schemati 
cally illustrated by arrows representing a first fluid F1. In this 
embodiment the end cap 180b acts as a fluid inlet for the first 
fluid F1 and each of the valve adapters 170 is a fluid outlet. 
The fluid may be any fluid, such as a liquid or gas, and may 
originate from any conventional fluid source or fluid inlet. A 
fluid source is connected to the end cap 180b such as through 
a threaded connector and the fluid F1 flows into and through 
the cavity and through each of the adapters 170. Preferably 
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the adapters are each coupled to a valve or other fluid outlet 
control unit that regulates fluid flow as desired. The fluid flow 
may be regulated at the inlet and each of the outlets, or any 
combination of inlet and outlets. 

With reference next to FIGS. 25 and 26, the manifold can 
easily be reconfigured. For example, the first and second 
modules 110a, 110b can be decoupled as shown in FIG. 25. 
and a manifold blocker 250 (see FIG. 15A) can be installed 
therebetween. 
The manifoldblocker 250 divides the manifold cavity into 

a first manifold cavity and a second manifold cavity that do 
not fluidly communicate with each other. In this embodiment 
the first end cap 180a functions as an inlet for a first fluid F1 
and the valve ports of the second and third modules 110b, 
110c function as first fluid outlets. The second end cap 180b 
functions as an inlet for a second fluid F2, and the valve ports 
of the first module 110a function as second fluid outlets. The 
second fluid F2 flows into the second cavity and out the 
second fluid outlets. As such, the first fluid inlet regulates flow 
of the first fluid F1 independent of the flow of the second fluid 
F2 and the second fluid inlet regulates flow of the second fluid 
F2 independent of the flow of the first fluid F1. Additionally 
each fluid outlet independently regulates the flow of their 
respective fluid. 

FIG. 27 shows the manifold 100 reconfigured in accor 
dance with another embodiment. A flow blocker 250 has now 
been positioned between the first and second modules 110a, 
110b and a second flow blocker 250 has been positioned 
between the second and third modules 110b, 110C. Thus, the 
manifold cavity is divided between a first manifold cavity, a 
second manifold cavity and a third manifold cavity. The sec 
ond end cap 180a functions as a first fluid inlet, the first end 
cap 180b functions as a second fluid inlet, and a valve adapter 
270 coupled to a valve port in the second module 110b func 
tions as a third fluid inlet. A first fluid F1 enters the first fluid 
cavity through the second end cap 180b and exits through 
corresponding valve adapters, a second fluid F2 enters the 
second fluid cavity through the first end cap 180a and exits 
through corresponding valve adapters, and a third fluid F3 
enters the third fluid cavity through the adapter 270 and exits 
through a corresponding valve adapter. The first, second, and 
third cavities are not in fluid communication and the first, 
second, and third fluid inlets regulate the flow of their respec 
tive fluids independently of each other. Additionally each 
fluid outlet independently regulates the flow of its respective 
fluid. 
The first, second and third fluids F1, F2, F2 in the above 

examples typically have some difference in their properties. 
For example, they can be the same compound, element, mix 
ture or the like, but at a different pressure and/or in a different 
phase, or they may be entirely different compounds. For 
example, F1 could be oxygen at 15 psi, F2 could be oxygen at 
30 psi, and F3 could be nitrogen at 20 psi. Nevertheless, it is 
contemplated that there may be occasions when identical 
fluid compounds at identical pressures may be desired to be 
handled differently for various reasons. 

FIG. 28 illustrates the manifold configuration of FIG. 27 
but with valves 260 coupled to the valve adapters 170. In the 
illustrated embodiment all of the valves 260 look the same. 
However it is to be understood that each of the valves can have 
unique characteristics, such as a specific flow rate, control 
routine or the like. Also, valves of various shapes, sizes, 
connection structures and flow characteristics can be 
employed. 
As can be appreciated, the principles discussed herein pro 

vide tremendous versatility to assemble customized mani 
folds from standard, inexpensive parts. For example, with 
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reference next to FIG. 29, an embodiment of a manifold 300 
is shown, which manifold is configured to accommodate six 
valves 260. The illustrated manifold employs one four-port 
module 110a and one two-port module 110d. The two-port 
module 110d is configured with a greater distance between 
valve port centers than has the four-port module 110a. 

In the example configuration shown in FIG. 29, the two 
port module 110d accommodates a comparatively large valve 
260a which exceeds the size and, presumably, capacity of the 
other valves 260, and a secondary valve 260b having a con 
figuration that is different from others of the valves. For 
instance, the secondary valve 260b may have a shape that is 
proprietary to a particular vendor, and/or may be sized and 
shaped for a particular use. Such a secondary valve 260b may 
not only be different in size, but may also have a unique inlet 
structure. Thus, a corresponding valve adapter preferably 
comprises a valve engagement region 174 that is specially 
configured to engage the particular size and style of the sec 
ondary valve's inlet, but also has a manifold engagement 
region 172 that is configured to engage the standard-sized 
manifold valve port 130. As such, by providing adapters 
having a variety valve engagement region structures, a stan 
dard-sized modular manifold can accommodate a wide vari 
ety of valves and other fluid management structures without 
necessitating structural changes to the manifold. 

FIG. 30 illustrates an embodiment of a manifold 400 uti 
lizing a four port module 110a, a two-port module 110b, and 
an eight port module 110e. In this embodiment the manifold 
400 is configured to receive three fluid inputs into three inde 
pendent cavities, and deliver the three fluids to three families 
of valves. FIG. 31 illustrates another embodiment of a mani 
fold 500 using a single, ten port module 110?. 

Preferably each manifold embodiment can be assembled 
from standard modular components to meet the requirements 
of a specific, customized application. The configuration of the 
manifold body may thus be specifically configured to accom 
modate any number of valve ports or fluids. The valve adapt 
ers may be configured to match specific structural or flow 
requirements of any valves or interfaces required for the 
particular application. Additionally the valves may be 
coupled and decoupled with the manifold body using the Snap 
rings without disassembling the valve body. 

Manifold structures having features in accordance with the 
principles discussed herein can be modified or improved with 
minimal waste. For example, if a user having a manifold 
configured in accordance with FIG. 28 developed a need for 
an additional two valves handling the first fluid, the user can 
easily increase the manifold capacity with relatively minimal 
waste. For example, in one embodiment the user may modify 
the manifold by removing the plates and end plate 180a, 
obtaining an eight-port manifold module and replacing the 
existing six-port module with the eight-port module, obtain 
ing a set of side plates that are one port-length longer than the 
previous plates, and installing the side and end plates to 
complete the manifold modification. As such, a larger mani 
fold is obtained without requiring the old manifold to be 
discarded. In another embodiment, a user can functionally 
make the same improvement with even less waste by adding 
a two-port module to the end of the existing three port mod 
ule, connecting the modules using a flow coupler, and replac 
ing the existing side plates with longer side plates. 

In order to facilitate customized construction of new mani 
folds and customized modification of existing manifolds, 
preferably a plurality of standard-sized manifold modules are 
available, along with a plurality of types of module couplers 
as described above. Further, sets of plates having lengths 
configured to match manifolds having various numbers of 
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valve ports may be obtained and/or provided in a construction 
or modification kit. It is also to be understood that still further 
module configurations can be employed. For example, in 
another embodiment, at least one module has a blank portion 
in place of at least one valve port. Such blank portion prefer 
ably comprises a closed portion of the module having no port. 

Throughout the present specification the valve adapters 
have been characterized as interceding between the manifold 
and a valve. It is to be understood that such adapters need not 
be limited to accommodating valves, but can be used with any 
apparatus with which flow from and/or to the manifold is 
desired to be communicated. Further, the embodiments dis 
closed above have employed end ports having structure sig 
nificantly different than valve ports disposed along the sides 
of the manifold. It is to be understood that, in some embodi 
ments, end ports can be configured Substantially the same as 
the valve ports, and may employ adapters in a manner similar 
to the valve ports. Further, in some such embodiments the 
same adapters that fit into side ports will fit into end ports. 
With reference next to FIGS. 32 and 33, another embodi 

ment of a manifold body 280 is illustrated. In this embodi 
ment the manifold body 280 comprises a single module. The 
body 280 has top and bottom faces 242, 228, opposing side 
faces 216 and opposing end faces 214. A plurality of valve 
ports 230 are formed through the side faces 216. In the illus 
trated embodiment each valve port 230 is generally defined 
by a first outer wall 132, a valve adapter interface 146, a first 
recessed face 134, a first interior wall 136, and a second outer 
wall 290 that defines a valve adapter orifice 197. Pockets 198, 
188 are defined between the interface 146 and second wall 
290. As can be seen, the structure of the illustrated embodi 
ment has many similarities with, for example, the manifold 
100 of FIG. 1, with a difference being that the features of the 
side plates 190 of the FIG. 1 manifold 100 are incorporated 
into the unitarily-formed manifold body 280 of FIGS. 32-33, 
at least partially as the second outer wall 290. As such, valves 
and adapters can be expected to interface similarly with this 
embodiment as in embodiments above, and a locking member 
160 can lock an adapter into place in the ports. Embodiments 
as discussed above can be constructed of various materials, 
including polymers, ceramics, metals such as aluminum, or 
combinations thereof. 
The embodiments discussed above have employed a Snap 

ring as the locking member 160 to prevent the adapter 170 
from moving out of engagement with the manifold valveport. 
It is to be understood that other embodiments may employ 
locking members having differing structures. For example, in 
one embodiment, the manifold can be configured so that two 
elongate channels extend down through the top surface of the 
module at the side face so that elongate pockets are formed 
when the plate is in place. After an adapter is positioned in the 
valveport, a U-shaped pin can be advanced into the pockets so 
as to be positioned on both sides of the adapter's second 
projection 181 and thus block the adapter from moving away 
from engagement with the port. In some embodiments a 
detent mechanism can be provided so that the U-shaped pin is 
releasably held within the pockets. In additional embodi 
ments the channels are formed within the manifold so that the 
pockets are solely defined by the channels rather than defined 
between the channels and a plate. In these embodiments the 
pin will extend through the manifold top Surface during 
installation, but preferably is seated below the surface when 
installed. 

In some embodiments a multi-pin locking member can be 
configured to simultaneously fit into pockets corresponding 
to more than one valve port. For example, a single locking 
member could block one, two or all of the adapters installed 
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on one side of a manifold from decoupling from engagement 
with the associated valve port. Most preferably, however, the 
locking mechanism is configured so that each locking mem 
ber is associated with only a single adapter, so that the locking 
member can be actuated without affecting adjacent adapters. 

In still another embodiment, a locking member comprises 
a pivot portion and the manifold modules comprise a hinge 
adjacent each valve port. The pivot portion of the locking 
member fits in the hinge so that the locking member can be 
hingedly opened and closed. An attachment point Such as a 
threaded or J-lock-enabled bolt releasably holds the locking 
member in a closed position. In operation, the locking mem 
ber is hinged open to enable insertion of the adapter, and is 
then closed over the adapter and secured in the closed position 
So as to block the adapter from slipping or working its way out 
of the port. Such embodiments may or may not employ a 
plate. In an embodiment having a plate, preferably the plate 
comprises an aperture large enough to accommodate working 
of the hinged locking member without necessitating removal 
of the plate. 

It is to be understood that yet further structures in addition 
to the examples discussed herein can be employed as locking 
mechanisms to hold the adapter in place within the valve port 
in accordance with principles discussed herein. For example, 
in Some preferred embodiments a locking mechanism is con 
figured so as to not extend through the upper or lower Surface 
of the manifold when installed. In a further preferred embodi 
ment a locking system is configured so that a locking member 
of the system does not extend through the upper or lower 
Surface during an operation of installing or removing a valve 
adapter. In further preferred embodiments the locking system 
is configured so that only a single locking member is provided 
per port so that each of the valve adapters can be installed or 
removed independently of others of the valve adapters. 

Although this invention has been disclosed in the context of 
certain preferred embodiments and examples, it will be 
understood by those skilled in the art that the present inven 
tion extends beyond the specifically disclosed embodiments 
to other alternative embodiments and/or uses of the invention 
and obvious modifications and equivalents thereof. In addi 
tion, while a number of variations of the invention have been 
shown and described in detail, other modifications, which are 
within the scope of this invention, will be readily apparent to 
those of skill in the art based upon this disclosure. It is also 
contemplated that various combinations or Subcombinations 
of the specific features and aspects of the embodiments may 
be made and still fall within the scope of the invention. For 
example, a manifold employing modules as in the embodi 
ments discussed in connection with FIGS. 32-33 can be made 
up of a plurality of such modules joined end-to-end Such as in 
the embodiments discussed in connection with FIGS. 1-11. 
Accordingly, it should be understood that various features 
and aspects of the disclosed embodiments can be combined 
with or substituted for one another in order to form varying 
modes of the disclosed invention. Thus, it is intended that the 
scope of the present invention herein disclosed should not be 
limited by the particular disclosed embodiments described 
above, but should be determined only by a fair reading of the 
claims that follow. 

What is claimed is: 
1. A manifold, comprising: 
a manifold body comprising first and second modules, each 
module comprising opposing top and bottom faces, a 
side face, and at least one end face, and defining a mod 
ule chamber therewithin, wherein the first and second 
modules are joined end to end and cooperate to form a 
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first manifold body side face that extends the length of 
the adjoined modules and to define a manifold chamber; 

a plurality of ports formed through the manifold body side 
face and communicating with the manifold chamber; 

a plurality of adapters, each adapter having a manifold 
engagement portion and an attachment engagement por 
tion, the manifold engagement portion configured to 
sealingly and releasably engage one of the ports; and 

a first elongate cladding releasably attached to the first 
manifold body side face, the cladding spanning at least 
one port of each of the adjoined first and second mod 
ules, the cladding having an aperture positioned to cor 
respond with a respective one of the ports and being 
sized to accommodate the manifold engagement portion 
of an adapter extending therethrough; 

wherein the manifold body and attached cladding cooper 
ate to define a pocket therebetween at or adjacent each 
port, wherein each adapter has a lock Surface and each 
adapter is sized so that there is a space between the lock 
Surface and the cladding when the adapter is engaged in 
the port, and a locking member is releasably disposed in 
the pocket So as to be interposed between the cladding 
and the lock Surface. 

2. The manifold of claim 1, wherein the first elongate 
cladding spans the entire length of the first module side face 
and at least one port of the adjoined second module. 

3. The manifold of claim 2 additionally comprising a sec 
ond elongate cladding attached to the second modules side 
face and generally abutting the first elongate cladding. 

4. The manifold of claim 2, wherein the first elongate 
cladding spans the entire length of the manifold body side 
face. 

5. The manifold of claim 1, wherein the locking member is 
configured to prevent the adapter from disengaging from the 
associated port, and wherein the locking member is associ 
ated with only a single port and is configured so that operation 
of the locking member does not affect engagement of an 
adapter in any other port or interconnection of the adjoined 
modules. 

6. The manifold of claim 1, wherein a plurality of pockets 
are defined by the cooperating manifold body and cladding at 
or adjacent each port, and the locking member is simulta 
neously releasably disposed in a plurality of the pockets. 

7. The manifold of claim 1, wherein the cladding is 
attached to the first manifold body side at a plurality of loca 
tions about the circumference of each port. 

8. The manifold of claim 1, wherein the locking member is 
deformable to fit through the cladding aperture, but expands 
upon release to a diameter or length greater than a diameter of 
the cladding aperture. 

9. The manifold of claim 1, wherein the locking member 
and pocket are configured so that the locking member does 
not cross a top or a bottom surface of the manifold body when 
disposed in the pocket. 

10. The manifold of claim 9, wherein the locking member 
and pocket are configured so that the locking member can be 
installed into the pocket or removed from the pocket without 
crossing the top or bottom surfaces of the manifold body. 

11. The manifold of claim 1, wherein the first and second 
modules cooperate to define a second manifold body side face 
that extends the length of the adjoined modules and is gener 
ally opposite the first manifold body side face, and a second 
elongate cladding is releasably attached to the second mani 
fold body side face. 
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12. The manifold of claim 1, wherein the cladding is 
formed of a material having a modulus of elasticity greater 
than a modulus of elasticity of the material used to form the 
manifold modules. 

13. The manifold of claim 12, wherein the material used to 
form the manifold modules comprises a polymer, and the 
material used to form the cladding comprises a metal. 

14. The manifold of claim 1, wherein the first module has 
a first length and the second module has a second length, and 
the first length is different than the second length. 

15. The manifold of claim 1, wherein the first module has 
a first number of ports and the second module has a second 
number of ports, and the first number is different than the 
second number. 
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16. The manifold of claim 1, wherein the plurality of ports 

comprises a plurality of first module ports and a second mod 
ule port, the plurality of first module ports being formed 
through the side face of the first module, and an intra-module 
centerline distance is defined between adjacent first module 
ports, and the second module port is formed in the second 
module adjacent the end face, wherein an inter-module cen 
terline distance is defined between one of the first module 
ports and an adjacent second module port when the modules 
are joined end to end, and the intra-module centerline dis 
tance is substantially the same as the inter-module centerline 
distance. 


